EP 1594 015 A1

Europdisches Patentamt

European Patent Office

(19) g)

(12)

Office européen des brevets

(43) Date of publication:
09.11.2005 Bulletin 2005/45

(21) Application number: 05008784.0

(22) Date of filing: 21.04.2005

(11) EP 1 594 015 A1

EUROPEAN PATENT APPLICATION

(51) Intcl”: GO3G 15/00

(84) Designated Contracting States:
AT BEBG CHCY CZDE DKEE ES FIFR GB GR
HUIEISITLILTLUMC NL PLPTRO SE SISKTR
Designated Extension States:
AL BAHRLV MK YU

(30) Priority: 07.05.2004 JP 2004139096

(71) Applicant: CANON KABUSHIKI KAISHA
Ohta-ku, Tokyo (JP)

(72) Inventors:
¢ Maebashi, Yoichiro
Ohta-ku Tokyo (JP)
* Katagiri, Shinji
Ohta-ku Tokyo (JP)

(74) Representative: TBK-Patent
Bavariaring 4-6
80336 Miinchen (DE)

(54)

(57) A color image forming apparatus includes a
density sensor which detects the light reflecting charac-
teristics of an unfixed toner image formed on an image
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which detects the light reflecting characteristics of the
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image is formed on the transfer material in accordance
with the detection result of the density sensor
(S14,515), and a density control process of controlling
image forming conditions is controlled to be executed
(S15) in accordance with a detection result of detecting
the test image by the color sensor.
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Description
FIELD OF THE INVENTION

[0001] The present invention relates to a color image
forming apparatus for forming a colorimage on a record-
ing medium by using a plurality of coloring materials,
and a control method therefor.

BACKGROUND OF THE INVENTION

[0002] Recently, color image forming apparatuses
adopting electrophotography, inkjet printing, and the like
require higher resolution and higher image quality. In
particular, the tonality of a formed color image and the
stability of density in a formed image greatly influence
the image forming characteristics of the color image
forming apparatus. It is known that the density of an im-
age formed by the color image forming apparatus varies
upon a change in environment and long-time use. Es-
pecially an electrophotographic color image forming ap-
paratus loses the color balance of a formed image upon
even small density variations, and efforts must be made
to always keep its density characteristics to tonality con-
stant. For this purpose, the electrophotographic color
image forming apparatus obtains a stable image by the
following density control process. First, a toner image
(to be referred to as a patch hereinafter) for detecting
density is formed on an intermediate transfer material,
photosensitive member, or the like with toner of each
color. Then, the density of the unfixed toner patch is de-
tected by a toner density detection sensor (to be referred
to as a density sensor hereinafter), the detection result
is fed back to process conditions such as the amount of
exposure light and the bias voltage for development.
[0003] In density control using the density sensor, a
patch is formed on an intermediate transfer material,
photosensitive drum, or the like, and detected. This den-
sity control cannot follow a change in the color balance
of an image that is caused by variations in transfer and
fixing characteristics onto a transfer material (sheet). To
solve this problem, there has been proposed a color im-
age forming apparatus which adopts a sensor (to be re-
ferred to as a color sensor hereinafter) for detecting the
density or color of a patch transferred onto a transfer
material (sheet) (Japanese Patent Laid-Open No.
2003-287934).

[0004] This color sensor can read a color patch on the
transfer material and obtain an RGB signal correspond-
ing to the color of the color patch. By performing density
control (tonality control) using an output from the color
sensor, higher-precision density control can be realized.
[0005] However, control using the color sensor con-
sumes transfer materials and toner because a patch
must be formed on a transfer material such as a record-
ing paper sheet. Hence, density control using a patch
cannot be frequently executed, and effective density
control must be performed while minimizing the execu-
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tion count of density or chromaticity control (to be re-
ferred to as color sensor control hereinafter) using the
color sensor.

[0006] Density variations (also including variations in
transfer/fixing characteristics) in an electrophotographic
image forming apparatus occur depending on the state
of the use environment, the conditions of an image pat-
tern to be printed, and the like. The degree of density
variations greatly changes depending on the use condi-
tions of the apparatus, and is hard to predict. The density
may or may not vary greatly depending on the difference
in use conditions. Since the image forming apparatus
must always form an image at a stable density, color
sensor control must be executed assuming the case
where the density varies most greatly (abruptly). That
is, if color sensor control is done while the density of a
formed image varies little, unnecessary control is exe-
cuted, wastefully consuming toner or paper.

SUMMARY OF THE INVENTION

[0007] The presentinvention has been made to over-
come the conventional problems, and has as its feature
to solve the drawbacks of the prior art.

[0008] Itis another feature of the present invention to
provide a color image forming apparatus capable of
more efficiently executing a process of detecting the
density of a testimage formed on a transfer material and
controlling image forming conditions in accordance with
the detection result, and a control method therefor.
[0009] According to an aspect of the present inven-
tion, there is provided with a color image forming appa-
ratus, characterized by comprising:

first optical detection means for detecting light re-
flecting characteristics of an unfixed toner image
formed on an image carrier or a transfer material
carrier;

second optical detection means for detecting the
light reflecting characteristics of the toner image
which is transferred from the image carrier or the
transfer material carrier onto a transfer material and
is fixed;

density control means for forming a test image on
the transfer material and controlling image forming
conditions in accordance with a detection result of
detecting the test image by the second optical de-
tection means; and

control means for controlling to execute density
control by the density control means in accordance
with a detection result of the first optical detection
means.

[0010] According to another aspect of the present in-
vention, there is provided with a method of controlling a
color image forming apparatus which forms a color im-
age on a transfer material by using a plurality of coloring
materials, characterized by comprising:
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a step of detecting, by using a first optical detection
sensor, light reflecting characteristics of an unfixed
tonerimage formed on an image carrier or a transfer
material carrier;

a step of detecting, by using a second optical de-
tection sensor, the light reflecting characteristics of
the fixed toner image formed from the image carrier
or the transfer material carrier onto a transfer ma-
terial;

a density control step of forming a testimage on the
transfer material and controlling image forming con-
ditions in accordance with a detection result of de-
tecting the test image by the second optical detec-
tion sensor; and

a control step of controlling to execute the density
control step in accordance with a detection result of
the first optical detection sensor.

[0011] The above features are achieved by a combi-
nation of features described in main claims, and sub-
claims define merely advantageous concrete examples.
[0012] The general description of the present inven-
tion does not list all necessary features, and a subcom-
bination of features can constitute the invention.
[0013] Other features, objects and advantages of the
present invention will be apparent from the following de-
scription when taken in conjunction with the accompa-
nying drawings, in which like reference characters des-
ignate the same or similar parts throughout the figures
thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The accompanying drawings, which are incor-
porated in and constitute a part of the specification, il-
lustrate embodiments of the invention and, together with
the description, serve to explain the principles of the in-
vention.

Fig. 1 depicts a view showing the arrangement of
the image forming section of a tandem color image
forming apparatus adopting an intermediate trans-
fer material as an example of an electrophotograph-
ic color image forming apparatus according to an
embodiment of the present invention;

Fig. 2 depicts a view showing an example of the ar-
rangement of a density sensor which detects the
density of unfixed toner on the intermediate transfer
material according to the embodiment;

Figs. 3A and 3B depict views for explaining the ar-
rangement of a color sensor according to the em-
bodiment of the present invention;

Fig. 4 is a block diagram showing the arrangement
of the color image forming apparatus according to
the embodiment;

Fig. 5 is a flowchart for explaining a density correc-
tion process in the color image forming apparatus
according to the embodiment;

10

15

20

25

30

35

40

45

50

55

Fig. 6 depicts a view showing an example of a patch
pattern formed on a transfer material according to
the first embodiment;

Fig. 7 is a graph for explaining image tonality control
(tonality correction) according to the embodiment;
Fig. 8 is a flowchart for explaining a process of de-
termining whether to execute density control using
the color sensor as a feature of the first embodi-
ment;

Fig. 9 is a graph for explaining the relationship be-
tween the density of patch data and the output value
of the density sensor according to the first embod-
iment;

Fig. 10 is a flowchart for explaining a process of de-
termining whether to execute density control in a
color image forming apparatus according to the
second embodiment of the present invention;

Fig. 11 depicts a view showing a patch pattern
formed on an intermediate transfer material accord-
ing to the third embodiment of the present invention;
Fig. 12 is a flowchart for explaining a method of cor-
recting an output from a density sensor on the basis
of the detection result of a color sensor according
to the third embodiment;

Fig. 13 depicts a view for explaining a correction
patch pattern formed on a transfer material accord-
ing to the third embodiment;

Fig. 14 depicts a view showing an example of a cor-
rection patch pattern formed on an intermediate
transfer material according to the third embodiment
of the present invention;

Fig. 15is a graph for explaining correction of an out-
put from the density sensor in step S35 according
to the third embodiment;

Fig. 16 is a flowchart for explaining a process of de-
termining whether to correct an output from the den-
sity sensor according to the third embodiment of the
present invention; and

Fig. 17 is a graph for explaining an example of de-
termination of whether to perform correction control
according to the third embodiment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0015] Preferred embodiments of the present inven-
tion will be described in detail below with reference to
the accompanying drawings. The following embodi-
ments do not limit the invention defined by claims, and
all combinations of features to be described in the em-
bodiments are not indispensable to the solving means
of the invention.

[0016] The embodiments will describe the following
technique in an image forming apparatus which controls
the density of a formed image by detecting by a color
sensor the light reflecting characteristics of a fixed toner
image formed on a transfer material. That is, the light
reflecting characteristics of a toner patch before transfer



5 EP 1 594 015 A1 6

that is formed on an image carrier (photosensitive drum
or intermediate transfer material) are detected by a den-
sity sensor, and the color sensor control is executed on
the basis of the detection result. This technique stabiliz-
es the density of a formed image and allows formation
of an image at a desired density while decreasing the
execution count of color sensor control and suppressing
increases in print standby time and print cost.

[0017] Fig. 1 depicts a view showing the arrangement
of the image forming section of a tandem color image
forming apparatus (color laser beam printer) adopting
an intermediate transfer material 27 (belt) as an exam-
ple of an electrophotographic color image forming ap-
paratus according to an embodiment of the present in-
vention.

[0018] Inthe image forming section of the colorimage
forming apparatus according to the embodiment, as
shown in Fig. 1, static latent images are respectively
formed on photosensitive drums with laser beams con-
trolled by an image processor (not shown) on the basis
of corresponding color image signals, and these static
latent images are developed with toners of correspond-
ing colors to form single color toner images on each
drum. The single color toner images are superposed on
each other on the intermediate transfer material 27 to
form a multi-color toner image. The multi-color toner im-
age is transferred onto a transfer material 11, and the
multi-color toner image on the transfer material 11 is
fixed by a fixing unit, forming an image.

[0019] The image forming section comprises paper
cassettes 21a and 21b, photosensitive members (to be
referred to as photosensitive drums hereinafter) 22Y,
22M, 22C, and 22K corresponding to stations which are
arranged side by side by the number of developing
colors, chargers 23Y, 23M, 23C, and 23K which consti-
tute charge means as primary charge means, toner car-
tridges 25Y, 25M, 25C, and 25K, developers 26Y, 26M,
26C, and 26K which constitute developing means, the
intermediate transfer material 27, a transfer roller 28,
and a fixing unit 30.

[0020] Each of the photosensitive drums 22Y, 22M,
22C, and 22K is configured by forming an organic pho-
toconductive layer around an aluminum cylinder. The
photosensitive drums 22Y, 22M, 22C, and 22K are ro-
tated counterclockwise in Fig. 1 in accordance with im-
age forming operation by transmitting the driving force
of a driving motor (not shown). The respective stations
comprise, as primary charge means, the chargers 23Y,
23M, 23C, and 23K for respectively charging the photo-
sensitive drums 22Y, 22M, 22C, and 22K for yellow (Y),
magenta (M), cyan (C), and black (K). The respective
chargers comprise sleeves 23YS, 23MS, 23CS, and
23KS. Laser beams to be sent to the photosensitive
drums 22Y, 22M, 22C, and 22K are emitted by corre-
sponding scanners 24Y, 24M, 24C, and 24K, and selec-
tively expose the surfaces of the photosensitive drums
22Y,22M, 22C, and 22K to form static latent images cor-
responding to each color. The respective stations com-
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prise, as developing means, the developers 26Y, 26M,
26C, and 26K for development in yellow (Y), magenta
(M), cyan (C), and black (K), and the respective devel-
opers comprise sleeves 26YS, 26MS, 26CS, and 26KS.
These developers are detachably attached to the image
forming apparatus. The intermediate transfer material
27 is in contact with the photosensitive drums 22Y, 22M,
22C, and 22K. Informing a color image, the intermediate
transfer material 27 rotates clockwise along with rotation
of the photosensitive drums 22Y, 22M, 22C, and 22K,
transferring toner images of the respective colors on
each other on the intermediate transfer material 27. Af-
ter that, the transfer roller 28 (to be described later)
comes into contact with the intermediate transfer mate-
rial 27 (at a position 28a), the transfer material 11 is
clamped and conveyed by the transfer roller 28 and in-
termediate transfer material 27, and the multi-color ton-
er image on the intermediate transfer material 27 is
transferred onto the transfer material 11. The transfer
roller 28 abuts against the transfer material 11 at the po-
sition 28a while the multi-color toner image is trans-
ferred onto the transfer material 11, and leaves the
transfer material 11 at a position 28b after the transfer
process.

[0021] The fixing unit 30 fuses and fixes the multi-
color toner image transferred onto the transfer material
11 while conveying the transfer material 11. As shown
in Fig. 1, the fixing unit 30 comprises a fix roller 31 which
heats the transfer material 11, and a press roller 32
which presses the transfer material 11 against the fix
roller 31. The fix roller 31 and press roller 32 are formed
into a cylindrical shape, and incorporate heaters 33 and
34, respectively. The transfer material 11 bearing the
multi-color toner image is conveyed by the fix roller 31
and press roller 32, and receives heat and a pressure
to fix toner onto the surface of the transfer material 11.
The transfer material 11 on which the toner image has
been fixed is discharged onto a delivery tray (not shown)
by rotation of a discharge roller (not shown), and image
forming operation ends.

[0022] A cleaning unit 29 removes toner remaining on
the intermediate transfer material 27. The removed
waste toner is stored in a cleaner container (not shown).
Reference numeral 42 denotes a color sensor which op-
tically detects the color of a color image (in this case, a
color patch) transferred and fixed onto the transfer ma-
terial 11. The paper cassette 21a stacks and stores a
plurality of transfer materials 11 (recording sheets or the
like). Also, the paper tray 21b stacks and stores a plu-
rality of transfer materials 11 (recording sheets or the
like). A density sensor 41 faces the intermediate transfer
material 27, and is used to measure the toner density of
a patch formed on the surface of the intermediate trans-
fer material 27.

[0023] Fig. 2 depicts aview for explaining the arrange-
ment of the density sensor 41 according to the embod-
iment.

[0024] The density sensor 41 is made up of an infra-
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red light emitting device 51 such as an LED, a light sen-
sor 52 such as a photodiode, an IC (not shown) for
processing light data, and a holder (not shown) which
stores these members. The infrared light emitting device
51 is set at an angle of almost 45° with respect to a di-
rection perpendicular to the intermediate transfer mate-
rial 27, and irradiates a toner patch 64 on the interme-
diate transfer material 27 with infrared light. The light
sensor 52 is set at a position symmetrical to the light
emitting device 51, and detects light regularly reflected
by the toner patch 64. An optical device (not shown)
such as a lens may be used to couple the light emitting
device 51 and light sensor 52.

[0025] In the embodiment, the intermediate transfer
material 27 is a polyimide single-layer resin belt. A prop-
er amount of carbon fine particles is dispersed in the
resin in order to adjust the resistance of the belt, and
the surface color of the belt is black. The surface of the
intermediate transfer material 27 is smooth and glossy,
and the glossiness is about 100% (measured with a
glossimeter 1G-320 available from Horiba).

[0026] When the surface of the intermediate transfer
material 27 is exposed (toner density is "0"), the light
sensor 52 of the density sensor 41 detects light regularly
reflected by the intermediate transfer material 27. This
is because the surface of the intermediate transfer ma-
terial 27 is glossy, as described above. When the toner
patch 64 is formed on the intermediate transfer material
27, regularly reflected light decreases gradually as the
density of the toner patch 64 increases. This is because
light regularly reflected by the surface of the intermedi-
ate transfer material 27 is decreased by covering the
surface of the intermediate transfer material 27 with ton-
er.

[0027] In the color image forming apparatus shown in
Fig. 1, the color sensor 42 is arranged on the down-
stream side of the fixing unit 30 on the transfer material
convey path so as to face the image forming surface of
the transfer material 11. The color sensor 42 outputs an
RGB signal on the basis of the intensity of light reflected
by a fixed color-mixed patch formed on the transfer ma-
terial 11. Accordingly, the density of the transferred/fixed
image can be automatically detected before the fixed
image is delivered to the delivery unit.

[0028] Figs. 3A and 3B depict views showing an ex-
ample of the arrangement of the color sensor 42 accord-
ing to the embodiment.

[0029] In Fig. 3A, the color sensor 42 comprises a
white LED 53 and a charge storage sensor 54 with an
RGB on-chip filter. Light is emitted by the white LED 53
obliquely at 45° to the transfer material 11 having a fixed
patch 61, and the intensity of light diffusedly reflected at
0° is detected by the charge storage sensor 54 with the
RGB on-chip filter.

[0030] Fig. 3B shows the light sensing portion of the
charge storage sensor 54 with the RGB on-chip filter. In
Fig. 3B, the light sensing portion has R, G, and B filters,
and they output R, G, and B signals as independent pix-
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els.

[0031] The charge storage sensor 54 with the RGB
on-chip filter may be a photodiode, or several sets of
three R, G, and B pixels may be arranged side by side.
The incident angle may be 0°, and the reflection angle
may be 45°. The charge storage sensor may be made
up of an LED which emits beams of three, R, G, and B
colors and a sensor with no filter.

[0032] Fig. 4 is a block diagram showing the arrange-
ment of the color image forming apparatus according to
the embodiment.

[0033] In Fig. 4, reference numeral 300 denotes a
controller which controls the operation of the whole color
image forming apparatus. A printer engine 301 has an
image forming section having the arrangement as
shown in Fig. 1, and forms an image on a recording pa-
per sheet serving as a transfer material in accordance
with a control signal and data from the controller 300.
[0034] The controller 300 comprises a CPU 310 such
as a microprocessor, a RAM 311 which is used as a work
area for storing various data in control operation by the
CPU 310 and temporarily stores various data, and a
ROM 312 which stores programs and data to be exe-
cuted by the CPU 310. The ROM 312 holds a color
matching table 321, color separation table 322, density
conversion table 323, and PWM table 324. The ROM
312 also provides a patch data area 326 which stores
patch data (to be described later). A memory 313 is a
rewritable nonvolatile memory which stores table 1
(330) to be described later with reference to Fig. 8. If
table 1 (330) is fixed, it may also be stored in the ROM
312.

[0035] Fig. 5is a flowchart for explaining density con-
trol according to the first embodiment. Density control
in the first embodiment is tonality correction control us-
ing the color sensor 42, and is executed upon power-on
of the main body and replacement of the developer and
photosensitive member when variations in image den-
sity are assumed. Density control is also executed when
conditions for executing density control (to be described
later) are met during image formation (printing). A pro-
gram for executing this process is stored in the ROM
312 of the controller 300, and executed under the control
of the CPU 310.

[0036] In step S1, a patch pattern is formed on the
transfer material 11 on the basis of the patch data 326
of the ROM 312. This is performed in the same process
step as general color image formation.

[0037] Fig. 6 depicts a view showing a patch pattern
formed on the transfer material 11 (in this example, A3
size of 297 mm x 420 mm and portrait orientation) ac-
cording to the embodiment.

[0038] Atwhich the color sensor42is arranged, a total
of 32 square patches of 8 mm side are formed at an
interval of 10 mm at a portion while the rate of dots in
each patch (tonality) is changed in eight stages for each
of Y (Yellow), M (Magenta), C (Cyan), and K (blacK)
(eight patches for each color). The correspondence be-
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tween each patch and the rate of dots in each patch (to-
nality) is 12.5% for Y1, M1, C1, and K1, 25% for Y2, M2,
C2, and K2, 37.5% for Y3, M3, C3, and K3, 50% for Y4,
M4, C4, and K4, 62.5% for Y5, M5, C5, and K5, 75% for
Y6, M6, C6, and K6, 87.5% for Y7, M7, C7, and K7, and
100% for Y8, M8, C8, and K8.

[0039] In step S2, the density of a patch transferred
and fixed onto the transfer material 11 is detected by the
color sensor 42. A method of converting the detection
signal of the color sensor 42 into a density exploits a
conventionally known detection signal-to-density con-
version table (density conversion table 323). In step S3,
tonality control (tonality correction) is executed on the
basis of the patch density detected in step S2 and the
tonality of patch data used to print the patch.

[0040] Fig. 7 is a graph for explaining tonality control
(tonality correction) according to the first embodiment.
Only tonality correction of cyan will be explained, but
magenta, yellow, and black are also corrected by the
same method.

[0041] In Fig. 7, the abscissa represents image data
(tonality), and the ordinate represents an optical density
value detected by the color sensor 42. In Fig. 7, open
circles represent output values from the color sensor 42
for patches C1, C2, C3, C4, C5, C6, C7, and C8 shown
in Fig. 6. A straight line T represents target characteris-
tics of density to tonality in density control. In the first
embodiment, the target characteristics T of density to
tonality are determined so that a tonality given by image
data and a density measured by the density sensor 41
are proportional to each other. A curve y represents the
characteristics of density to tonality when no density
control (tonality correction control) is performed. As for
the densities for tonalities when no patch is formed, a
curve passing through the origin, C1, C2, C3, C4, C5,
C6, C7, and C8 is calculated by spline interpolation. A
curve D represents the characteristics of a tonality cor-
rection table calculated by control according to the first
embodiment, and is calculated by obtaining the sym-
metric point of the tonality characteristic y before correc-
tion with respect to the target tonality characteristic T.
Calculation of the tonality correction table D is executed
by the CPU 310, and the calculated tonality correction
table D is stored in the nonvolatile memory 313. In form-
ing an image, image data is corrected by referring to the
tonality correction table D, and a target tonality charac-
teristic can be obtained.

[0042] An outline of image tonality control (image to-
nality correction control) according to the first embodi-
ment has been described.

[0043] Fig. 8 is a flowchart for explaining a process of
determining whether to execute density control using
the color sensor 42 as a feature of the first embodiment.
A program for executing this process is stored in the
ROM 312, and executed under the control of the CPU
310. Determination of whether to execute density con-
trol according to the first embodiment is executed every
time 50 images are formed (printed). The frequency at
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which the determination process is done may be set to
an optimal value in accordance with the characteristics
of an apparatus to which the present invention is ap-
plied. Forexample, itis preferable that the determination
process is more frequently performed in an apparatus
suffering relatively large density variations and the time
interval of the determination process is set large (long)
in an apparatus exhibiting a relatively stable density.
[0044] In step S11, a patch pattern used to determine
whether to execute density control is formed on the in-
termediate transfer material 27 on the basis of the patch
data 326 stored in the ROM 312. The first embodiment
adopts a single-color pattern (pattern of one of C, M, Y,
and K) whose rate of dots in each patch is 50%. In step
S12, the quantity of light reflected by the toner patch 64
formed on the intermediate transfer material 27 is de-
tected by the density sensor 41. In step S13, the signal
detected by the density sensor 41 is converted into a
density to calculate the density of the toner patch 64
formed on the intermediate transfer material 27. A meth-
od of converting the detection signal of the density sen-
sor 41 into a density exploits a conventionally known de-
tection signal-to-density conversion table (density con-
version table 323).

[0045] Instep S14, the variation amount of the density
of the toner patch 64 that is obtained in step S13 is at-
tained to determine whether to execute density control
using the color sensor 42.

[0046] Determination in step S14 will be explained
with reference to Fig. 9.

[0047] Fig. 9is a graph for explaining the relationship
between the density of patch data and the output value
of the density sensor 41. In Fig. 9, the abscissa repre-
sents the tonality of patch data, and the ordinate repre-
sents an optical density detected by the density sensor
41.

[0048] The straightline T represents target character-
istics of density to tonality in the above-described den-
sity control. The characteristics of density to tonality im-
mediately after density control coincide with the straight
line T. As image formation progresses, the density of a
formed image changes, and the characteristics of den-
sity to tonality deviate from the straight line T. Straight
lines H and L represent the upper limit (straight line H)
and lower limit (straight line L) of the allowable range of
density variations. When the characteristics of density
to tonality fall outside this range, it is determined that
density control must be executed. In the first embodi-
ment, the allowable range of density variations is the tar-
get tonality characteristic = 10%. This value may be set
optimal for the characteristics and specifications of the
image forming apparatus. If the calculated density value
of the patch falls outside the range between the straight
lines Hand L (density greatly varies) in step S13, density
control is determined to be executed. This determination
is performed for each of C, M, Y, and K, and when even
one color is determined to require density control, den-
sity control is executed. In step S15, the density control
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sequence is executed. This density control is the same
as that described above. The obtained density correc-
tion table is stored in the table 330.

[0049] In the first embodiment, patch data whose rate
of dots in each patch is 50% is employed for a patch
pattern used to determine whether to execute density
control. However, the present invention is not limited to
this, and an optimal pattern is selected in accordance
with the characteristics of an applied apparatus.
[0050] The first embodiment has exemplified an im-
age forming apparatus using the intermediate transfer
material 27 as one form of the color image forming ap-
paratus, but the present invention is not limited to this
and can also be applied to another form of the color im-
age forming apparatus. For example, the presentinven-
tion can also be applied to a color image forming appa-
ratus which directly transfers a toner image on the pho-
tosensitive member onto a transfer material on the
transfer material carrier (transfer belt or the like), forms
a toner patch on the transfer material carrier, and can
detect the patch density by the density sensor.

[0051] As described above, according to the first em-
bodiment, in the color image forming apparatus which
performs density control by detecting by the color sen-
sor the light reflecting characteristics of a fixed patch
(test image) formed on a transfer material, the light re-
flecting characteristics of a toner patch formed on an im-
age carrier or transfer material carrier are detected by
the density sensor, and it is determined in accordance
with the detection result by the density sensor whether
to perform density control using the color sensor. High
density stability can be obtained while decreasing the
execution count of density control using the color sensor
and suppressing increases in image formation standby
time and image forming cost.

[Second Embodiment]

[0052] The second embodiment will explain a method
of obtaining high density stability while decreasing the
execution count of density control using a color sensor
42 and suppressing increases in image formation (print)
standby time and print cost. More specifically, in a color
image forming apparatus which performs density con-
trol by detecting by the color sensor 42 the light reflect-
ing characteristics of a fixed patch formed on a transfer
material, a specific image pattern contained in an image
signal for forming an image is extracted, the light reflect-
ing characteristics of a toner image formed in accord-
ance with the specific image pattern are detected by a
density sensor 41, and it is determined on the basis of
the detection result whether to perform density control
using the color sensor 42. The overall arrangement of
the colorimage forming apparatus, the arrangements of
the density sensor 41 and color sensor 42, and the den-
sity control method according to the second embodi-
ment are the same as those of the image forming appa-
ratus described in the first embodiment, and a descrip-

10

15

20

25

30

35

40

45

50

55

tion thereof will be omitted.

[0053] Fig. 10 is a flowchart for explaining a method
of determining whether to execute density control in the
color image forming apparatus according to the second
embodiment of the present invention. A program for ex-
ecuting this process is stored in a ROM 312, and exe-
cuted under the control of a CPU 310.

[0054] Determination of whether to execute density
control according to the second embodiment is execut-
ed in general image formation. This control flow is,
therefore, executed every image formation. In step S21,
an image signal used to form an image is examined and
it is determined at a step S22 whether the image signal
has a specific pattern which can be used to determine
whether to execute density control. In the second em-
bodiment, density control is determined to be executed
if a single-color pattern (pattern of one of C, M, Y, and
K) whose rate of dots in each patch is 30% to 70% exists
in a region detectable by the density sensor 41 (center
in the scan direction, i.e., the attaching portion of the
density sensor 41). The rate of dots in each patch of a
pattern used for determination is set to 30% to 70% be-
cause a pattern of an excessively low or high density
inhibits accurate determination. The rate of dots in each
patch is preferably properly set in accordance with the
characteristics of an applied color image forming appa-
ratus.

[0055] If a specific pattern is determined to be con-
tained, the process advances to step S23 to detect by
the density sensor 41 the quantity of light reflected by
the toner image of the specific pattern formed on an in-
termediate transfer material 27. In step S24, the density
of the pattern is obtained on the basis of the quantity of
reflected light. In step S25, whether to execute density
control is determined on the basis of the degree of dif-
ference of the density obtained in step S24 from the to-
nality of the pattern. This determination method is the
same as that in the first embodiment described above.
If the density varies by a predetermined amount or more,
the density control sequence using the color sensor 42
is executed in step S26. Density control is the same as
that in the first embodiment.

[0056] If no specific pattern is detected in step S22,
the process advances to step S27. Even when printing
is performed many times, a pattern which can be used
to determine density control is not extracted. Thus, if de-
termination of whether to execute density control is not
performed though a predetermined number of (in the
second embodiment, more than 1,000) images are
formed, it is determined that great density variations
may have already occurred. In this case, the process
advances to step S26 to execute density control. Note
that the predetermined number of images may be prop-
erly set to an optimal value.

[0057] As described above, according to the second
embodiment, in a color image forming apparatus which
performs density control by detecting by the color sen-
sor the light reflecting characteristics of a fixed patch
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formed on a transfer material, a specific pattern con-
tained in an image signal for forming an image is ex-
tracted, the light reflecting characteristics of a toner im-
age formed in accordance with the specific pattern are
detected by the density sensor 41, and density control
using the color sensor 42 is performed in accordance
with the detection result. Consequently, the execution
count of density control using the color sensor 42 is de-
creased, and no new control time and toner are required
for determination. This can suppress increases in stand-
by time and image forming cost.

[Third Embodiment]

[0058] The third embodiment will explain a method of
obtaining high density stability while decreasing the ex-
ecution count of output correction of a density sensor
41 by using a color sensor 42 and suppressing increas-
es in print standby time and print cost. More specifically,
the outptu value of the density sensor 41 is corrected in
accordance with the calculation result of a density con-
trol means in an image forming apparatus having the
density control means for detecting by the density sen-
sor 41 the density of an unfixed toner image formed on
an image carrier and controlling image forming condi-
tions in accordance with the detection result, and an out-
put correction means for detecting by the color sensor
42 the light reflecting characteristics of a tonerimage on
a transfer material 11 and correcting the output value of
the densitiy sensor 41 on the basis of the detection re-
sult. The overall arrangement of the color image forming
apparatus and the arrangements of the density sensor
41 and color sensor 42 according to the third embodi-
ment are the same as those of the image forming appa-
ratus described in the first embodiment, and a descrip-
tion thereof will be omitted.

[0059] Density control according to the third embodi-
ment will be explained.

[0060] Density control is periodically executed using
the density sensor 41.

[0061] Density control in the color image forming ap-
paratus according to the third embodiment is executed
when the apparatus is powered on, when the developer
or photosensitive drum is replaced, or every time a pre-
determined number of images are printed (in this exam-
ple, 200 images are printed). In other words, density
control is executed when density variations are predict-
ed. At this time, an output from the density sensor 41 is
corrected with a correction table (330) calculated in eve-
ry correction control by the color sensor 42 (to be de-
scribed later). Details of density control will be de-
scribed.

[0062] Fig. 11 depicts a view showing a patch pattern
formed on an intermediate transfer material 27 accord-
ing to the third embodiment of the present invention.
[0063] At a portion at which the density sensor 41 is
arranged, a total of 32 square patches of 8 mm side are
formed at an interval of 10 mm while the rate of dots in
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each patch (tonality) is changed in eight stages for each
of Y, M, C, and K (eight patches for each color). The
correspondence between each patch and the rate of
dots in each patch (tonality) is 12.5% for Y1, M1, C1,
and K1, 25% for Y2, M2, C2, and K2, 37.5% for Y3, M3,
C3, and K3, 50% for Y4, M4, C4, and K4, 62.5% for Y5,
M5, C5, and K5, 75% for Y6, M6, C6, and K6, 87.5% for
Y7, M7, C7, and K7, and 100% for Y8, M8, C8, and K8.
[0064] The density of a toner patch is detected by the
density sensor 41. A method of converting the detection
signal of the density sensor 41 into a density exploits a
conventionally known detection signal-to-density con-
version table (density conversion table 323). At the
same time, the output value of the density sensor is also
corrected.

[0065] Tonality correction is performed in accordance
with the detection result of the density sensor 41. The
correction method is the same as tonality control using
the color sensor 42 that has been described in the first
embodiment, and calculates a tonality correction table
for obtaining a target tonality characteristic.

[0066] In actually forming an image, target tonality
characteristics can be attained by correcting image data
by using the tonality correction table 330.

[0067] Correction control of correcting an output from
the density sensor 41 by the color sensor 42 will be ex-
plained.

[0068] Fig. 12 is a flowchart for explaining a method
of correcting an output from the density sensor 41 on
the basis of the detection result of the color sensor 42
according to the third embodiment. Correction accord-
ing to the third embodiment requires a toner image fixed
onto the transfer material 11, and the execution frequen-
cy is preferably minimized. In the third embodiment, cor-
rection control is executed when correction control ex-
ecution determination conditions (to be described later)
are satisfied.

[0069] In step S31, a patch pattern for correcting an
output from the density sensor 41 is formed on the trans-
fer material 11. This is performed in the same process
as general color image formation.

[0070] Fig. 13 depicts a view for explaining a correc-
tion patch pattern formed on the transfer material 11 ac-
cording to the third embodiment.

[0071] The correction patch pattern is made up of a
total of 16 patches: yellow tone patches 611, 612, 613,
and 614, magenta tone patches 621, 622, 623, and 624,
cyan tone patches 631, 632, 633, and 634, and black
tone patches 641, 642, 643, and 644.

[0072] In step S32, the density of the patch pattern
formed and fixed on the transfer material 11 is detected
by the color sensor 42. The detection result is a value
which contains variations in transfer characteristic of a
toner image onto the transfer material 11 and the influ-
ence of variations in fixing characteristic, and thus this
value exhibits a higher precision in comparison with de-
tection of an unfixed toner image by the density sensor
41.
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[0073] In step S33, a toner image is formed on the
intermediate transfer material 27 by using the same
patch data as that in step S31.

[0074] Fig. 14 depicts a view showing an example of
a correction patch pattern formed on the intermediate
transfer material 27 according to the third embodiment.
[0075] Details of the correction patch pattern are the
same as those of the patch pattern formed on the trans-
fer material 11 in step S31. Image forming conditions
are also the same as those in step S31. In step S34, the
density of the toner image formed on the intermediate
transfer material 27 is detected by the density sensor
41. In step S35, an output from the density sensor 41 is
corrected.

[0076] Fig. 15 is a graph for explaining correction of
an output from the density sensor 41 in step S35.
[0077] In Fig. 15, the abscissa represents the detec-
tion result (density) of the density sensor 41, and the
ordinate represents the detection result of the color sen-
sor42. In Fig. 15, points P indicated by open circles rep-
resent the relationship between the detection result (re-
sult of detecting a patch on the transfer material 11 by
the color sensor 42) in step S32 and the detection result
(result of detecting a toner patch on the intermediate
transfer material 27 by the density sensor 41) in step
S34. A straight line A represents a case in which an out-
put from the density sensor 41 and an output from the
color sensor 42 are equal to each other, i.e., there is no
measurement error of the density sensor 41 (the color
sensor 42 detects a density on the transfer material 11,
and thus has a high detection precision). The color sen-
sor 42 is considered to have no measurement error).
The points P do not coincide with the straight line A in
Fig. 15, thatis, Fig. 15 represents that a small measure-
ment error occurs in the detection result of the density
sensor 41.

[0078] The correction table (having a characteristic
given by a curve C in Fig. 15) of the density sensor 41
is calculated. The characteristic C of the correction table
is represented by a curve passing through the points P.
The densities for tonalities (tonalities between patches)
when no patch is formed are calculated by the spline
interpolation between the origin and the points P. The
characteristic C of the correction table is calculated for
each color (yellow, magenta, cyan, and black). Calcula-
tion of the correction table value is executed by a CPU
310, and the calculated correction table is stored in a
nonvolatile memory 313.

[0079] An output from the density sensor 41 is cor-
rected using the correction table every density control
described above.

[0080] Inthe third embodiment, the output density val-
ue of the density sensor 41 is corrected on the basis of
the correction table. When the relationship between the
output voltage value and density of the density sensor
41 is held as a density conversion table in advance, the
density conversion table may be multiplied by the char-
acteristic C of the correction table to create a new den-
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sity conversion table.

[0081] The density conversion table of the density
sensor 41 may be created directly from the relationship
between the detected density value of the color sensor
42 and the output voltage value of the density sensor 41.
[0082] As a feature of the third embodiment, a proc-
ess of determining whether to execute correction control
of correcting an output from the density sensor 41 by
using an output from the color sensor 42 will be ex-
plained with reference to the flowchart of Fig. 16. Deter-
mination of whether to execute correction control is per-
formed every density control.

[0083] Instep S41, density control is executed, details
of which have been described above. In step S42, it is
determined whether to execute correction control.
[0084] Fig. 17 is a graph for explaining an example of
determining whether to perform correction control ac-
cording to the third embodiment.

[0085] In Fig. 17, the abscissa represents the density
(tonality) of image data, and the ordinate represents the
optical density detection value of the density sensor 41.
A curve D represents the characteristics of density to
tonality immediately after correction control of the den-
sity sensor 41 is done. The characteristics of density to
tonality immediately after correction control coincide
with the curve D. As image formation progresses, the
density gradually changes, and the characteristics of
density to tonality deviate from the curve D. The main
factor which causes variations in the density of a toner
image on the intermediate transfer material 27 is pre-
sumably variations in the charge characteristics of toner.
The density variations are assumed to be accompanied
with variations in transfer characteristic at the same
time. In this case, the density detection result of the den-
sity sensor 41 cannot reflect the actual condition. When,
therefore, the characteristics of density to tonality great-
ly vary, no accurate density control can be achieved un-
less an output from the density sensor 41 is corrected
on the basis of the detection result of the color sensor
42.

[0086] In the third embodiment, correction control of
the density sensor 41 is determined to be executed
when the characteristics of density to tonality vary +20%
or more. In Fig. 17, curves H and L represent the upper
limit (curve H) and lower limit (curve L) of variations in
the characteristics of density to tonality. The upper and
lower limits of variations in density characteristic may
be set to optimal values in accordance with the charac-
teristics and specifications of an applied image forming
apparatus. This determination is performed for each of
C, M, Y, and K, and when even one color is determined
to require correction control, an output from the density
sensor 41 is corrected using the color sensor 42.
[0087] In step S43, correction control of an output
from the density sensor 41 is executed. The correction
control method has been described above.

[0088] In the third embodiment, the density detection
error of the density sensor 41 that is occurred by varia-
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tions in transfer and fixing characteristics is corrected
by correcting the output value of the density sensor 41.
The same result is also obtained by correcting target
characteristics of density to tonality. In an image forming
apparatus which has density control means for detect-
ing by the density sensor 41 the density of a tonerimage
formed on animage carrier (drum) or intermediate trans-
fer material (belt) and controlling image forming condi-
tions in accordance with the detection result, and output
correction means for detecting the light reflecting char-
acteristics of the fixed toner image by the color sensor
42 and correcting the target control value of density con-
trol on the basis of the detection result, correction of a
target control value in accordance with the calculation
result of the density control means also falls within the
scope of the present invention.

[0089] The third embodiment has exemplified an im-
age forming apparatus using an intermediate transfer
material as one form of the color image forming appa-
ratus, but the present invention can also be applied to
another form of the color image forming apparatus. For
example, the present invention can also be applied to a
color image forming apparatus which directly transfers
a toner image on the photosensitive member (drum) on-
to atransfer material (sheet) on the transfer material car-
rier (conveyance belt), and can detect the patch density
on the photosensitive member with the density sensor.
[0090] As described above, the third embodiment has
described a method of executing output correction of
correcting the output value of the density sensor in ac-
cordance with the calculation result of the density con-
trol means, and obtaining high density stability while de-
creasing the execution count of output correction of the
density sensor using the color sensor and suppressing
increases in print standby time and print cost in the im-
age forming apparatus having the density control means
for detecting by the density sensor 41 the density of an
unfixed toner image formed on an image carrier and
controlling image forming conditions in accordance with
the detection result, and output correction means for de-
tecting the light reflecting characteristics of the toner im-
age on the transfer material by the color sensor and cor-
recting the control value of the density sensor on the
basis of the detection result.

[0091] The first to third embodiments have exempli-
fied tonality control of adjusting the characteristics of
density to tonality of an image as a density control meth-
od, but the density control method may be realized by
another method. For example, a plurality of toner patch-
es are formed by changing the developing bias value
and charge bias value, the toner amounts of these
patches are calculated, and an optimal developing bias
value and optimal charge bias value are calculated in
accordance with the toner amount values, thereby con-
trolling the density.

[0092] In the first to third embodiments, the density is
adopted as the light reflecting characteristics when the
density sensor 41 and color sensor 42 detect a toner
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patch. However, the light reflecting characteristic detect-
ed by the sensors is not limited to this, and for example,
the chromaticity, the optical reflectance, or a toner
amount (or toner weight) calculated from the optical re-
flectance may be used. That is, a form in which the op-
tical sensor detects a physical amount converted on the
basis of the light reflecting characteristics of a toner
patch falls within the application range of the present
invention.

[Other Embodiment]

[0093] The presentinvention may be applied to a sys-
tem including a plurality of devices (e.g., a host compu-
ter, interface device, reader, and printer) or an apparatus
(e.g., a copying machine or facsimile apparatus) formed
by a single device.

[0094] The object of the present invention is also
achieved when a storage medium (or recording medi-
um) which stores software program codes for realizing
the functions of the above-described embodiments is
supplied to a system or apparatus, and the computer (or
the CPU or MPU) of the system or apparatus reads out
and executes the program codes stored in the storage
medium. In this case, the program codes read out from
the storage medium realize the functions of the above-
described embodiments, and the storage medium which
stores the program codes constitutes the present inven-
tion. The functions of the above-described embodi-
ments are realized when the computer executes the re-
adout program codes. Also, the functions of the above-
described embodiments are realized when an OS (Op-
erating System) or the like running on the computer per-
forms some or all of actual processes on the basis of
the instructions of the program codes.

[0095] Furthermore, the present invention includes a
case in which, after the program codes read out from
the storage medium are written in the memory of a func-
tion expansion card inserted into the computer or the
memory of a function expansion unit connected to the
computer, the CPU of the function expansion card or
function expansion unit performs some or all of actual
processes on the basis of the instructions of the program
codes and thereby realizes the functions of the above-
described embodiments.

[0096] The present invention is not limited to the
above embodiment, and various changes and modifica-
tions can be made thereto within the spirit and scope of
the present invention. Therefore, to apprise the public
of the scope of the present invention, the following
claims are made.

[0097] A color image forming apparatus includes a
density sensor which detects the light reflecting charac-
teristics of an unfixed toner image formed on an image
carrier or a transfer material carrier, and a color sensor
which detects the light reflecting characteristics of the
fixed toner image formed on a transfer material. A test
image is formed on the transfer material in accordance
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with the detection result of the density sensor, and a
density control process of controlling image forming
conditions is controlled to be executed in accordance
with a detection result of detecting the test image by the
color sensor.

Claims

1. Acolorimage forming apparatus characterised by
comprising:

first optical detection means for detecting light
reflecting characteristics of an unfixed toner im-
age formed on an image carrier or a transfer
material carrier;

second optical detection means for detecting
the light reflecting characteristics of the toner
image which is transferred from the image car-
rier or the transfer material carrier onto a trans-
fer material and is fixed;

density control means for forming a test image
on the transfer material and controlling image
forming conditions in accordance with a detec-
tion result of detecting the test image by said
second optical detection means; and

control means for controlling to execute density
control by said density control means in accord-
ance with a detection result of said first optical
detection means.

2. The apparatus according to claim 1, characterised
in that in a case where a result detected by said
first optical detection means is different from a tar-
get value by not less than a predetermined amount,
said control means controls to execute density con-
trol by said density control means.

3. The apparatus according to claim 1, characterised
in that in a case where the unfixed toner image de-
tected by said first optical detection means contains
a predetermined pattern and a result detected by
said first optical detection means is different from a
target value by not less than a predetermined
amount, said control means controls to execute
density control by said density control means.

4. The apparatus according to any one of claims 1-3,
characterised in that the testimage contains a plu-
rality of patch patterns which are formed with black
and a plurality of coloring materials and have tonal-
ities.

5. A colorimage forming apparatus characterised by
comprising:

first optical detection means for detecting light
reflecting characteristics of an unfixed toner im-
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age formed on an image carrier or a transfer
material carrier;

second optical detection means for detecting
the light reflecting characteristics of the fixed
toner image formed from the image carrier or
the transfer material carrier onto a transfer ma-
terial;

density control means for forming an image for
detection on the transfer material and control-
ling image forming conditions in accordance
with a detection result of detecting the test im-
age by said second optical detection means;
and

correction means for correcting a detection re-
sult of said first optical detection means in ac-
cordance with the detection result of detecting
the test image by said second optical detection
means.

A method of controlling a color image forming ap-
paratus which forms a colorimage on a transfer ma-
terial by using a plurality of coloring materials, char-
acterised by comprising:

a step of detecting, by using a first optical de-
tection sensor, light reflecting characteristics of
an unfixed toner image formed on an image
carrier or a transfer material carrier;

a step of detecting, by using a second optical
detection sensor, the light reflecting character-
istics of the fixed toner image formed from the
image carrier or the transfer material carrier on-
to a transfer material;

a density control step of forming a test image
on the transfer material and controlling image
forming conditions in accordance with a detec-
tion result of detecting the test image by the
second optical detection sensor; and

a control step of controlling to execute the den-
sity control step in accordance with a detection
result of the first optical detection sensor.

The method according to claim 6, characterised in
that in said control step, in a case where a result
detected by the first optical detection sensor is dif-
ferent from a target value by not less than a prede-
termined amount, said density control step is con-
trolled to be executed.

The method according to claim 6, characterised in
that in said control step, in a case where the unfixed
toner image detected by the first optical detection
sensor contains a predetermined image pattern and
aresultdetected by the first optical detection sensor
is different from a target value by not less than a
predetermined amount, said density control step is
controlled to be executed.
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The method according to any one of claims 6-8,
characterised in that the testimage contains a plu-
rality of patch patterns which are formed with black
and a plurality of coloring materials and have tonal-
ities.
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The present European patent application comprised at the time of filing more than ten claims.

Only part of the claims have been paid within the prescribed time limit. The present European search
report has been drawn up for the first ten claims and for those claims for which claims fees have
been paid, hamely claim(s):

No claims fees have been paid within the prescribed time limit. The present European search report has
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see sheet B

All further search fees have been paid within the fixed time limit. The present European search report has
been drawn up for all claims.

As all searchable claims could be searched without effort justifying an additional fee, the Search Division
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report has been drawn up for those parts of the European patent application which relate to the invention
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The Search Division considers that the present European patent application does not comply with the
requirements of unity of invention and relates to several inventions or groups of inventions, namely:

1. claims: 1-4,6-9

color image forming appartus and method, wherein a density
control is executed using a second detection means in
accordance with a detection result of a first detection

means

2. claim: 5

color image forming appartus, wherein a detection result of
a first detection means is corrected in accordance with a
detection result of a second detection means
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